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SYSTEM AND METHOD FOR IMPROVING 
RELIABILITY IN A SEMICONDUCTOR 

DEVICE 

TECHNICAL FIELD 

The present invention relates generally to semiconductor 
manufacturing and, more particularly, to fabrication of 
memory devices. 

BACKGROUND ART 

Conventional semiconductor ?ash or block erase Electri 
cally Erasable Programmable Read-Only Memory (Flash 
EEPROM) devices include arrays of cells that can be inde 
pendently programmed and read. The siZe of each cell and 
thereby the memory device are made small by omitting tran 
sistors knoWn as select transistors that enable the cells to be 
erased independently. As a result, a group of the cells must be 
erased together as a block. 

Flash memory devices of this type may include individual 
memory cells characteriZed by a vertical stack of a tunnel 
oxide (e.g., SiO2), a polysilicon ?oating gate over the tunnel 
oxide, an interlayer dielectric over the ?oating gate, and a 
control gate over the interlayer dielectric. The vertical stack 
may be formed on a crystalline silicon substrate. The sub 
strate may include a channel region positioned beloW the 
vertical stack and source and drain on opposing sides of the 
channel region. Various voltages may be applied to the cell 
elements to program the cell With a binary l or 0, to erase all 
or some of the cells as a block, to read the cell, to verify that 
the cell is erased, or to verify that the cell is not over-erased. 

Another type of memory cell structure is characteriZed by 
a vertical stack that includes an insulating tunnel oxide layer, 
a charge trapping nitride layer, an insulating top oxide layer, 
and a polysilicon control gate, all positioned on top of a 
crystalline silicon substrate. This particular structure of a 
silicon channel region, tunnel oxide, nitride, top oxide, and 
polysilicon control gate is often referred to as a SONOS 

(silicon-oxide-nitride-oxide-silicon) device. 
Memory cells in a ?ash memory device are typically con 

nected in an array of roWs and columns, With the control gates 
of the cells in a roW being connected to a respective Word line 
and the drains of the cells in a column being connected to a 
respective bit line. To operate e?iciently and reliably, each 
cell must be effectively isolated from neighboring cells. 
As the dimensions of such memory devices have shrunk, 

isolation techniques have transitioned from conventional 
local oxidation of silicon (“LOCOS”) isolation techniques to 
shalloW trench isolation (“STI”). In fabricating an STI struc 
ture, a trench is created in the substrate betWeen active regions 
of neighboring cells. The trench is ?lled With a ?eld oxide 
(FOX) material Which isolates neighboring cells from each 
other. Unfortunately, conventional STI fabrication techniques 
fail to provide suitably e?icient and reliable isolation. 

Accordingly, there is a need for an improved STI structure 
and fabrication technique for optimiZing performance of ?ash 
memory devices. 

DISCLOSURE OF THE INVENTION 

In an implementation consistent With the principles of the 
invention, a method for forming a memory device is provided. 
The method includes forming a hard mask over a substrate, 
Where the hard mask includes a ?rst mask layer and a second 
mask layer formed over the ?rst mask layer. The substrate is 
etched to form a trench. The trench is ?lled With a ?eld oxide 
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2 
material. The second mask layer is stripped from the memory 
device using a ?rst etching technique and the ?rst mask layer 
is stripped from the memory device using a second etching 
technique, Where the second etching technique is different 
than the ?rst etching technique. 

In another implementation consistent With the principles of 
the invention, a method is provided for fabricating a semicon 
ductor device. The method includes: forming a ?rst dielectric 
layer over a substrate; forming a second dielectric layer over 
the ?rst dielectric layer; forming an anti-re?ective dielectric 
layer over the ?rst dielectric layer; forming a photoresist layer 
over the anti-re?ective dielectric layer; patterning the photo 
resist layer to de?ne mask regions; etching the anti-re?ective 
dielectric layer and the second dielectric layer to form a hard 
mask; etching the substrate and the ?rst dielectric layer to 
form at least one isolation trench in portions of the substrate 
not covered by the hard mask; ?lling the trench With an oxide 
material; stripping the anti-re?ective dielectric layer from the 
semiconductor device; stripping the second dielectric layer 
from the memory device; forming at least one charge storage 
element over the oxide material and the ?rst dielectric layer; 
forming an inter-gate dielectric layer over the at least one 
charge storage element; and forming at least one control gate 
over at least a portion of the inter-gate dielectric layer. 

In yet another implementation consistent With the prin 
ciples of the invention, a method is provided for fabricating a 
memory device. The method includes forming an oxide layer 
over a substrate. A nitride layer is formed over the oxide layer. 
An anti-re?ective silicon oxynitride layer is formed over the 
nitride layer. The anti-re?ective silicon oxynitride layer and 
the nitride layer are patterned and etched to form a mask. The 
oxide layer and the substrate are etched using the mask to 
form at least one isolation trench. A ?eld oxide material is 
formed in the at least one isolation trench. The anti-re?ective 
silicon oxynitride layer is removed using dry plasma etching. 
The nitride layer is removed using Wet phosphoric acid etch 
ing. At least one charge storage element is formed over the 
oxide layer and the ?eld oxide material. The ?eld oxide mate 
rial is recessed to a predetermined depth using the at least one 
charge storage element as a mask. An inter- gate dielectric 
layer is formed over the at least one charge storage element 
and the recessed ?eld oxide material.At least one control gate 
is formed over the inter-gate dielectric layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of this speci?cation, illustrate an 
embodiment of the invention and, together With the descrip 
tion, explain the invention. In the draWings, 

FIG. 1 illustrates an exemplary con?guration of a ?ash 
EEPROM 100 formed in accordance With an embodiment of 
the present invention; 

FIG. 2 is a ?oW diagram illustrating an exemplary process 
for forming a semiconductor memory device in an implemen 
tation consistent With the principles of the invention; and 

FIGS. 3-14 illustrate exemplary vieWs of a semiconductor 
memory device fabricated according to the processing 
described in FIG. 2. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The folloWing detailed description of implementations 
consistent With the principles of the invention refers to the 
accompanying draWings. The same reference numbers in dif 
ferent draWings may identify the same or similar elements. 
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Also, the following detailed description does not limit the 
invention. Instead, the scope of the invention is de?ned by the 
appended claims and their equivalents. 

Implementations consistent With the present invention pro 
vide non-volatile memory devices With improved litho 
graphic spacing, such as ?ash electrically erasable program 
mable read only memory (EEPROM) devices. FIG. 1 
illustrates an exemplary con?guration of a ?ash EEPROM 
100 formed in accordance With an embodiment of the present 
invention. Flash memory 100 may include a plurality of 
memory cells 1 02, arranged in a rectangular matrix or array of 
roWs and columns, a plurality of bit lines (BL) associated With 
each column, a plurality of Word lines (WL) associated With 
each roW, a bit line driver 104, a Word line driver 106, a poWer 
source 108 and a controller 110. 
Assuming that there are n columns and m roWs in 

EEPROM 100, the bit lines may be designated as BLO to BL” 
and the Word lines may be designated as WLO to WLm. 
Accordingly, there may be n+1 bit lines and m+l Word lines. 
Bit line driver 104 applies appropriate voltages to the bit lines. 
Similarly, appropriate voltages are applied to the Word lines 
by Word line driver 106. The voltages applied to drivers 104 
and 106 may be generated by a poWer source 108 under the 
control of a controller 110, Which may include on-chip logic 
circuitry. The controller 110 may also control the drivers 104 
and 106 to address the memory cells individually or collec 
tively. 
A memory cell 102 is located at each junction of a Word 

line and a bit line. Each cell 102 includes a Metal-Oxide 
Semiconductor (MOS) Field Effect Transistor (FET) having 
a source and drain formed in a semiconductor substrate, a 
?oating gate, and a control gate separated from the ?oating 
gate by an oxide-nitride-oxide (ONO) stack. Additional 
details regarding the formation of cell 102 Will be described 
beloW in relation to FIGS. 2-14. As should be appreciated, the 
cells of a ?ash EEPROM differ from conventional FETs in 
that they include the ?oating gate and tunnel oxide layer 
disposed betWeen the control gate and the semiconductor 
substrate in Which the source and drain are formed. 

Cells 102 illustrated in FIG. 1 may be designated using the 
notation Tia], Where j is the roW (Word line) number and i is the 
column (bit line) number. The control gates of cells 102 are 
connected to respective Word lines, and the drains of cells 102 
are connected to respective bit lines as illustrated. The sources 
of all of the cells are connected to the poWer source 108. 

Exemplary Processing 

FIG. 2 illustrates an exemplary process for forming a semi 
conductor memory device in an implementation consistent 
With the principles of the invention. In one implementation, 
the semiconductor memory device includes an array of 
memory cells of a ?ash memory device, such as that illus 
trated in FIG. 1. FIGS. 3-14 illustrate exemplary vieWs of a 
semiconductor memory device fabricated according to the 
processing described in FIG. 2. 

With reference to FIGS. 2 and 3, processing may begin 
With a semiconductor device 300 that includes layers 310 and 
320. In an exemplary embodiment, layer 310 may include a 
substrate of semiconductor device 300 and may include sili 
con, germanium, silicon-germanium or other semiconduct 
ing materials. In alternative implementations, layer 310 may 
be a conductive layer or a dielectric layer formed a number of 
layers above the surface of a substrate in semiconductor 
device 300. 

Layer 320 may be a dielectric layer formed on layer 310 in 
a conventional manner. In an exemplary implementation, 
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4 
dielectric layer 320 may include an oxide, such as a silicon 
oxide (e.g., SiO2), and may have a thickness ranging from 
about 50 A to about 350 A. Dielectric layer 320 may function 
as a tunnel oxide layer for a subsequently formed memory cell 
of semiconductor device 300. In one implementation consis 
tent With principles of the invention, a suitable method for 
forming layer 320 may be a thermal oxidation process of layer 
310 at a temperature of about 750° C. to 1100° C. Altema 
tively, dielectric layer 320 may be deposited using a loW 
pressure chemical vapor deposition (LPCVD) process per 
formed at a temperature of about 400° C. to 800° C. In 
addition, an optional nitride layer (not shoWn) may be formed 
on layer 320. 
A hard mask 410 may be formed over layer 320 (act 205 

210). In one exemplary implementation, hard mask 410 may 
incorporate tWo distinct layers, an initial mask layer 420 (act 
205) and a second, anti-re?ective coating (ARC) layer 430 
formed above mask layer 420 (act 210). By providing anti 
re?ective coating layer 430 beneath a photoresist material 
prior to formation of the mask 410, optical re?ections of the 
radiation used to develop the mask pattern may be minimized. 
By using ARC layer 430, more precise lithography may be 
applied, resulting in narroWer mask spacings. In one embodi 
ment, mask layer 420 may be formed of a dielectric, such as 
silicon nitride (e. g., Si3N4), and may have a thickness ranging 
from about 800 A to about 1700 A. Additionally, in one 
exemplary implementation, ARC mask layer 430 may be 
formed of silicon oxynitride (e.g., SiON), and may have a 
thickness ranging from about 300 A to about 700 A. 
A photoresist material formed over mask layers 420 and 

430 may be patterned and etched in a conventional manner to 
form hard mask 410 on the top surface of layer 320, as 
illustrated in FIG. 4 (act 215). Mask 410 may be used to de?ne 
active regions in the subsequently formed memory device and 
indicate areas that Will not be etched during formation of 
isolation regions in semiconductor device 300. 

Semiconductor device 300 may then be etched, as illus 
trated in FIG. 5, to remove portions of layers 310 and 320, 
thereby forming shalloW trenches 510 (act 220). The etch may 
also be referred to as a shalloW trench isolation (STI) etch. A 
?eld oxide (FOX) layer 610 may then be deposited into 
trenches 510, as illustrated in FIG. 6 (act 225). In one imple 
mentation consistent With principles of the invention, FOX 
layer 610 may be deposited by high density plasma chemical 
vapor deposition (HDP CVD), although suitable alternative 
deposition techniques may also be employed. FOX layer 610 
may also be planariZed using, for example, a chemical 
mechanical polishing (CMP) process to form a planar top 
surface 710 and to expose the upper surface of mask 410, as 
illustrated, in FIG. 7 (act 230). After the CMP process, the top 
surface of FOX layer 610 may be substantially planar With the 
top surface of mask layer 410. 

FolloWing trench and FOX layer formation, semiconductor 
device 300 may then be etched, as illustrated in FIG. 8, to 
remove or strip ARC layer 430 (act 235). In one exemplary 
implementation, ARC layer 430 may be etched using a dry 
plasma etching technique using, for example, a ?uorinated 
hydrocarbon gas, such as e.g., CH3F, CHF3, and CHZF2 hav 
ing high selectivity for removing only the SiON ARC mask 
layer 430 Without substantially etching FOX layer 610. 
According to an exemplary embodiment of the present inven 
tion, the semiconductor device 300 illustrated in FIG. 7 may 
be placed in a conventional plasma etching chamber. A 
He/OZ/CHF3 etch chemistry may then be used to perform the 
plasma etching. For example, to etch SiON ARC mask layer 
430 having a thickness ranging from about 300 A to 700 A, 
He may be provided at a ?oW rate ranging from about 50 
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standard cubic centimeters per minute (sccm) to about 300 
sccm, O2 may be provided at a ?oW rate ranging from about 0 
sccm to about 50 sccm and CHF3 may be provided at a ?oW 
rate ranging from about 10 sccm to about 60 sccm. In addi 
tion, an RF poWer source for the plasma etching chamber may 
be set to provide poWer ranging from about 100 Watts to about 
500 Watts and a bias voltage ranging from about 100 volts to 
about 300 volts may be applied to the semiconductor device 
300. 

In an alternative embodiment, an Ar/O2/CH3F etch chem 
istry may be used to perform the plasma etching. For 
example, to etch SiON ARC mask layer 430 having a thick 
ness ranging from about 300 A to 700 A, Ar may be provided 
at a ?oW rate ranging from about 100 sccm to about 400 sccm, 
O2 may be provided at a ?oW rate ranging from about 40 sccm 
to about 150 sccm and CH3F may be provided at a ?oW rate 
ranging from about 10 sccm to about 60 sccm. In addition, the 
RF poWer source for the plasma etching chamber may be set 
to provide poWer ranging from about 100 to about 500 Watts 
and a bias voltage ranging from about 100 to about 300 volts 
may be applied to the semiconductor device 300. 

It should be understood that the particular etch chemistry, 
?oW rates, RF poWer, Wafer bias voltage, etching duration and 
other parameters may be optimiZed based on the particular 
semiconductor device being etched, the particular plasma 
etching chamber used and the guidance disclosed herein. 

Semiconductor device 300 may then be etched, as illus 
trated in FIG. 9, to strip ?rst mask layer 420 (act 240). In one 
exemplary implementation, mask layer 420 may be etched 
using a Wet etching technique using, for example, phosphoric 
acid, to limit the etching to only mask layer 420 (e. g., nitride) 
Without damaging layer 320 or FOX layer 610. Limiting 
damage to layer 320 and FOX layer 610 advantageously 
enables the subsequently formed source/drain regions to be 
formed in substrate 3 1 0 in a more uniform manner. FolloWing 
etching of mask layers 420 and 430, a portion of FOX layer 
610 forms a protrusion above the surface of trenches 510, as 
illustrated in FIG. 9. 
A layer 1010 may be formed on layer 320 and ?eld oxide 

layer 610 in a conventional manner and may include a con 
ductive material, such as polysilicon or a dielectric material, 
such as silicon nitride, as shoWn in FIG. 10 (act 245). Layer 
1010, consistent With principles of the invention, may act as a 
charge storage layer for semiconductor device 300 and may 
have a thickness ranging from about 400 A to about 900 A. 
A planariZation process may then be performed to remove 

a predetermined amount of excess material from layer 1010 
and FOX layer 610, as illustrated in FIG. 11, thereby forming 
?oating gates 1110, 1120, and 1130 (act 250). Floating gates 
1110, 1120, and 1130 may represent ?oating gate electrodes 
of separate memory cells in semiconductor device 300. For 
example, a CMP may be performed to remove the desired 
portions of layers 1010 and 610. Layers 1010 and 610 may 
also be planariZed by an etch back or other suitable planariZa 
tion technique. 

FolloWing planariZation, FOX layer 610 may be etched to 
a predetermined depth using ?oating gates 1110, 1120, and 
1130 as the etching masks, as illustrated in FIG. 12, to remove 
portions of ?eld oxide layer 610 and provide a region for an 
inter-gate dielectric material to Wrap around ?oating gates 
1110, 1120, and 1130 (act 255). In one implementation con 
sistent With principles of the invention, this etching is per 
formed using a dry, high selective oxide, plasma etch, 
Wherein plasma ions are used to bombard the surface of layer 
610 and etch aWay a desired amount of material. Moreover, 
dry plasma etching is anisotropic in nature, thereby prevent 
ing undesirable undercutting of ?oating gates 1110, 1120, 
and 1130 and lateral portions of FOX layer 610, resulting in 
improved resistance to leakage through a subsequently 
formed dielectric stack. In one implementation consistent 
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6 
With principles of the invention, FOX layer 61 0 may be etched 
to a level beloW a loWer surface 1210 of ?oating gates 1110, 
1120, and 1130, as shoWn in FIG. 12. 

Referring to FIG. 13, an inter-gate dielectric (IGD) layer 
1310 may be deposited over the etched FOX layer 610 and 
?oating gates 1110, 1120, and 1130 (act 260). In implemen 
tations consistent With principles of the invention, inter-gate 
dielectric 1310 may be an oxide/nitride/oxide (ONO) stack, a 
nitride/oxide (NO) stack, a tantalum oxide (e.g., Ta2O5), or 
any suitable dielectric material. A control gate 1410 may then 
be formed on inter-gate dielectric 1310, as illustrated in FIG. 
14 (act 265). Source/drain regions (not shoWn) may also be 
formed in substrate 310 in a conventional manner. 

CONCLUSION 

The foregoing description of exemplary embodiments of 
the invention provides illustration and description, but is not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed. Modi?cations and variations are pos 
sible in light of the above teachings or may be acquired from 
practice of the invention. For example, in the above descrip 
tions, numerous speci?c details are set forth, such as speci?c 
materials, structures, chemicals, processes, etc., in order to 
provide a thorough understanding of the present invention. 
HoWever, implementations consistent With the invention can 
be practiced Without resorting to the details speci?cally set 
forth herein. In other instances, Well knoWn processing struc 
tures have not been described in detail, in order not to unnec 
essarily obscure the thrust of the present invention. In prac 
ticing the present invention, conventional deposition, 
photolithographic and etching techniques may be employed, 
and hence, the details of such techniques have not been set 
forth herein in detail. 

While a series of acts has been described With regard to 
FIG. 2, the order of the acts may be varied in other imple 
mentations consistent With the invention. Moreover, non 
dependent acts may be implemented in parallel. 
No element, act, or instructionused in the description of the 

present application should be construed as critical or essential 
to the invention unless explicitly described as such. Also, as 
used herein, the article “a” is intended to include one or more 
items. Where only one item is intended, the term “one” or 
similar language is used. Further, the phrase “based on” is 
intended to mean “based, at least in part, on” unless explicitly 
stated otherWise. 

What is claimed is: 
1. A method for forming a memory device, comprising: 
forming a ?rst mask layer directly over a substrate; 
forming a second mask layer directly over the ?rst mask 

layer; 
etching the ?rst mask layer and the second mask layer to 

form a hard mask over a ?rst portion of the substrate; 
etching a second portion of the substrate, that is not covered 

by the hard mask, to form a trench; 
depositing a ?eld oxide material over the ?rst portion and 

the second portion, including ?lling the trench With the 
?eld oxide material; 

planariZing the ?eld oxide material to expose a top surface 
of the second mask layer; 

stripping the second mask layer from the memory device 
using a ?rst etching technique, Where the ?rst etching 
technique includes a plasma dry etching technique; 

stripping the ?rst mask layer from the memory device 
using a second etching technique, Where the second 
etching technique includes a Wet chemical etching tech 
nique, 

Where the second etching technique is different than the 
?rst etching technique; 
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forming at least tWo charge storage elements over opposite 
sides of the trench; and 

etching the ?eld oxide material to form an inter- gate dielec 
tric region positioned betWeen an adjacent pair of the at 
least tWo charge storage elements Where etching the ?eld 
oxide material to form an inter-gate dielectric region, 
further comprises: 
anisotropic dry etching the ?eld oxide material to a 

particular depth extending beloW a loWer surface of 
the at least tWo charge storage elements; and 

forming an inter-gate dielectric region on a top surface 
of the ?eld oxide material. 

2. The method of claim 1, Where the Wet chemical etching 
technique includes using phosphoric acid to strip the ?rst 
mask layer from the memory device. 

3. The method of claim 1, further comprising: 
planariZing the ?eld oxide material and the at least tWo 

charge storage elements prior to etching the ?eld oxide 
material. 

4. The method of claim 1, Where the plasma dry etching 
technique includes using at least one ?uorinated hydrocarbon 
gas to strip the second mask layer from the memory device, 
and 

Where the ?uorinated hydrocarbon gas is selected to have 
high selectivity to minimiZe ?eld oxide etching. 

5. The method of claim 4, Where the plasma dry etching 
technique further comprises: 

providing oxygen gas at a How rate ranging from about 0 
sccm to about 50 sccm; and 

providing tri?uoromethane (CHF3) gas at a How rate rang 
ing from about 10 sccm to about 60 sccm. 

6. The method of claim 1, Where the ?rst mask layer 
includes a dielectric layer and the second mask layer includes 
an anti -re?ective layer. 

7. The method of claim 6, Where the dielectric layer 
includes a nitride layer. 

8. The method of claim 6, Where the anti-re?ective layer 
includes a silicon oxynitride layer. 

9. The method of claim 6, Where the dielectric layer has a 
thickness ranging from about 800 A to about 1700 A. 

10. The method of claim 6, Where the anti-re?ective layer 
has a thickness ranging from about 300 A to about 700 A. 

11. A method for fabricating a semiconductor device, com 
prising: 

forrning a ?rst dielectric layer over a substrate; 
forming a second dielectric layer over the ?rst dielectric 

layer; 
forming an anti-re?ective dielectric layer over the ?rst 

dielectric layer; 
forming a photoresist layer over the anti-re?ective dielec 

tric layer; 
patterning the photoresist layer to de?ne mask regions; 
etching the anti-re?ective dielectric layer and the second 

dielectric layer to form a hard mask; 
etching the substrate and the ?rst dielectric layer to form at 

least one isolation trench in a portion of the substrate not 
covered by the hard mask; 

depositing an oxide material over the hard mask and the 
portion of the substrate not covered by the hard mask, 
including ?lling the trench With the oxide material; 

planariZing the oxide material to expose a top surface of the 
anti-re?ective dielectric layer; 

stripping, using a dry etching technique, the anti-re?ective 
dielectric layer from the semiconductor device; 

stripping, using a Wet etching technique, the second dielec 
tric layer from the semiconductor device; 

20 

25 

30 

35 

40 

45 

50 

55 

60 

8 
forming at least one charge storage element over the oxide 

material and the ?rst dielectric layer; 
forming an inter-gate dielectric layer over the at least one 

charge storage element; and 
forming a control gate over at least a portion of the inter 

gate dielectric layer. 
12. The method of claim 11, further comprising; 
etching the oxide material, Where a top surface of the oxide 

material is at a depth beloW a loWer surface of the at least 
one charge storage element, and 

Where forming the inter- gate dielectric layer further 
includes: 
forming the inter-gate dielectric layer over the top sur 

face of the oxide material, Where a portion of the 
inter-gate dielectric layer, over the oxide material, 
extends beloW the loWer surface of the one charge 
storage element. 

13. The method of claim 11, Where the second dielectric 
layer includes a nitride layer and the anti -re?ective dielectric 
layer includes a silicon oxynitride layer. 

14. The method of claim 13, Where stripping the anti 
re?ective layer comprises dry plasma etching the anti-re?ec 
tive layer. 

15. The method of claim 13, Where stripping the second 
dielectric layer comprises Wet phosphorous etching the sec 
ond dielectric layer. 

1 6. A method for fabricating a memory device, comprising: 
forming an oxide layer over a substrate; 
forming a nitride layer over the oxide layer; 
forming an anti-re?ective silicon oxynitride layer over the 

nitride layer; 
patterning and etching the anti-re?ective silicon oxynitride 

layer and the nitride layer to form a mask; 
etching the oxide layer and the substrate using the mask to 

form at least one isolation trench; 
forming a ?eld oxide material over the substrate, including 

forming the ?eld oxide material in the at least one iso 
lation trench; 

planariZing the ?eld oxide material to expose a top surface 
of the anti-re?ective silicon oxynitride layer; 

removing the anti-re?ective silicon oxynitride layer using 
dry plasma etching; 

removing the nitride layer using Wet phosphoric acid etch 

forming at least one charge storage element over the oxide 
layer and the ?eld oxide material; 

recessing the ?eld oxide material to a predetermined depth 
using the at least one charge storage element as a mask; 

forming an inter-gate dielectric layer over the at least one 
charge storage element and the recessed ?eld oxide 
material; and 

forming a control gate over the inter-gate dielectric layer. 
17. The method of claim 16, Where the nitride layer has a 

thickness ranging from about 800 A to about 1700 A and 
Where the anti-re?ective silicon oxynitride layer has a thick 
ness ranging from about 300 A to about 700 A. 

18. The method of claim 16, Where recessing the ?eld oxide 
material to the predetermined depth includes: 

recessing the ?eld oxide material beloW a loWer surface of 
the at least one charge storage element, and 

Where forming the inter-gate dielectric layer includes: 
forming the inter-gate dielectric layer over a top surface of 

the recessed ?eld oxide material, Where a portion of the 
inter-gate dielectric layer, over the recessed ?eld oxide 
material, is beloW the loWer surface of the at least one 
charge storage element. 

* * * * * 


